The simplicity in the use and the extreme sensitivity of the platinum electrode (Frommer, Pfaff, and Braunwald, 1961; Hugenholtz et al., 1963) have made possible the detection of very small shunts at the ventricular level. These shunts, in the absence of oxygen saturation step-up, were previously unrecognized (Vogel, Grover, and Blount, 1962; Walker et al., 1965) .
The general assumption has been that the demonstration of a ventricular septal defect by hydrogen alone was simply a reflection of the very small size of the defect. If the sole difference between the hydrogen-detected defects and those with a measurable oxygen step-up is size, then one would expect the timing of left-to-right flow to be the same in each. However, the study of patients with hydrogen-detected defects revealed that left-to-right flow through the defect was evident in diastole only. This observation was at variance with the systolic and diastolic shunting reported by Levin et al. (1967) in their analysis of oxygen detectable ventricular septal defects.
The observed difference in the character of the left-to-right flow is discussed. It appears that previous implications as to the anatomical size of the hydrogen-detected defects may be invalid.
SUBJECTS AND METHODS
Only patients with isolated ventricular septal defects and normal intracardiac pressures were considered in this study. Patients with right ventricular or pulmonary hypertension as well as those with associated cardiac lesions were excluded. Twenty-one patients met the criteria. Six of these patients (29%) had hydrogendetected defects and form the basis for this report. All 6 patients were male and ranged from 2 to 19 years of age (Table) .
All patients underwent simultaneous right and left heart catheterization with cine-angiocardiography. infer that the small shunt is secondary to a small defect (Selzer, 1954; Dack, 1960) . Certainly, the defect appears large angiographically in diastole.
Defects discernibly patent only in diastole suggest the muscular type. Such defects are presumably reduced or obliterated by systolic contraction (Dammann et al., 1960; Edwards, 1960; Imperial et al., 1960; Saab et al., 1966; Schrire et al., 1965; Vogelpoel et al., 1961) . Our angiographic studies suggest that the defects are near the outflow tract, and the observations are consistent with a postero-inferior muscular defect. Saab et al. (1966) showed that 11 out of 23 muscular defects were located in this area. In our cases there was no evidence of multiple defects or for an apical location (Dammann et al., 1960; Edwards, 1960) .
Though it has been suggested that a deep Q wave pattern in left ventricular leads may be more frequently associated with patients with muscular defects (Saab et al., 1966) , none of our patients showed such an abnormality. Only one of our patients had a short early systolic murmur of the type described as characteristic of a muscular defect which is occluded by systole (Van der Hauwaert and Nadas, 1961; Vogelpoel et al., 1961) . The other 5 patients had holosystolic murmurs, 3 of which obliterated the aortic component of the second sound. The latter has been reported as indicative of large shunts (Bleifer, Donoso, and Grishman, 1960) . The angiographic studies belie the auscultatory findings in that no systolic shunt is visualized despite the murmur generally attributed to left-to-right flow (Bleifer et al., 1960; Dammann et al., 1960; Van der Hauwaert and Nadas, 1961) .
Our conclusion is that the 6 cases of hydrogendetected defects are examples of muscular defects in the postero-inferior aspect of the interventricular septum. These defects may be of moderate anatomical size but are reduced considerably by systolic contraction (Dammann et al., 1960; Edwards, 1960; Imperial et al., 1960; Saab et al., 1966; Schrire et al., 1965; Vogelpoel et al., 1961) . The net effect is to permit an easily appreciable diastolic flow with an almost absent shunt during systole. The presence of the systolic murmur suggests that the defect remains patent throughout systole (Vogelpoel et al., 1961) but that the systolic shunting is of an insufficient magnitude to be visualized angiographically.
SUMMARY
The timing of left-to-right flow through hydrogen-detected ventricular septal defects was com-pared to that reported in patients with ventricular septal defects showing a measurable oxygen stepup.
In 6 patients with hydrogen-detected defects, left-to-right flow was discernible angiographically only in diastole. This observation was at variance with the studies of Levin et al. (1967) who reported both diastolic flow and an augmentation of shunting in systole in patients with oxygen step-up ventricular septal defects.
The hydrogen-detected defects appeared to be located in the postero-inferior portion of the muscular septum where presumably its margins are nearly approximated by systolic contraction. This narrowing, of what may be anatomically a large defect, precludes a significant systolic shunting. Though there is sufficient flow to produce the characteristic holosystolic murmur, the volume of flow is insufficient to be recorded by oxygen step-up determinations or to be visualized angiographically.
